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The structural gene (pag gene) for a 210 kDa protein antigen of Streptococcus sobrinus erotype g was cloned and com- 
pared with that (pac gene) of a 190 kDa protein antigen of Streptococcus mutans serotype c. Immunodiffusion analysis 
revealed that the product of the pag gene immunologically cross-reacted with that of the pac gene. Southern blot and 
nucleotide s quence analyses revealed that a significant homology existed between the middle regions of the two structural 
genes. 
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1. INTRODUCTION 
The Streptococcus mutans group has been 
strongly implicated as causative organisms of den- 
tal caries [1,2]. The S. mutans group is divided into 
seven genospecies [3]. Among the S. mutans 
group, Streptococcus mutans and Streptococcus 
sobrinus are frequently isolated from human den- 
tal plaque [2]. 
Wall-associated high-molecular mass protein an- 
tigens of the S. mutans group have recently been 
the focus of intense research. S. mutans produces 
a wall-associated protein antigen of Mr 190000 
which has been designated antigen B [4], I / I I  [5], 
IF [6], P1 [7] and PAc [8]. This protein antigen has 
been successfully used as a vaccine to protect 
monkeys against dental caries [9,10]. Local passive 
immunization with monoclonal antibodies against 
the protein antigen prevents the colonization of S.
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mutans on the tooth surface and the development 
of dental caries in monkeys [11]. 
On the other hand, S. sobrinus produces a wall- 
associated protein antigen of Mr 210000 named 
SpaA [12] or PAg [13], which shows serological 
cross-reactivity with the protein antigen of S. 
mutans. Previous comparison of amino acid com- 
positions of the purified protein antigens howed 
similarities between S. sobrinus PAg [13] and S. 
mutans P1 [7]. These findings suggest that the pro- 
tein antigens may have the same function. In addi- 
tion, the determination of antigenically cross- 
reactive and homologous amino acid sequences in 
the protein antigens may lead to the development 
of synthetic peptide vaccines directed against both 
S. sobrinus and S. mutans. It is, therefore, in- 
teresting to compare the two antigens at the gene 
level. In this study, we have cloned the structural 
gene for the protein antigen of serotype g S. 
sobrinus, and compared it with the gene for the 
protein antigen of serotype c S. mutans cloned by 
Okahashi et al. [8,14]. Here, we refer to the 
190 kDa protein antigen of serotype c S. mutans as 
PAc [8] and the 210 kDa protein antigen of 
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serotype g S. sobrinus as PAg (protein antigen 
serotype g). 
2. MATERIALS AND METHODS 
2.1. Bacterial strains, plasmids, antigens and antibodies 
Streptococcus sobrinus MT3791 (serotype g) and S. mutans 
MT8148 (c) were used in this study. Recombinant plasmid 
pPC41 containing the structural gene for the PAc (pac gene) 
was constructed by Okahashi et al. [8,14]. Rabbit anti-PAc 
serum and anti-PAg serum were prepared as described 
previously [8,13]. Sonic extracts of recombinant E. coil cells 
were prepared as described by Okahashi et al. [8]. 
2.2. Cloning of  the gene coding for PAg 
Chromosomal DNA of S. sobrinus MT3791 was prepared as 
described by Okahashi et al. [8]. This DNA was partially 
digested with Sau3A (Toyobo Co., Osaka, Japan) and ligated 
with T4 DNA ligase (Toyobo) to BamHI-digested calf intestinal 
alkaline phosphatase (Boehringer Mannheim GmbH, Mann- 
heim, FRG)-treated plasmid vector pUC19 [13]. Escherichia 
coil JM109 [15] was then transformed and plated on LB agar 
containing ampicillin (50 #g/ml) and 5-bromo-4-chloro-3-indo- 
lyl-jb'-D-galactoside (X-gal; 40 #g/ml) (Boehringer Mannheim). 
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Colony immunoblot was performed for screening clones reac- 
tive with anti-PAg serum [8]. Protein in the E. coil sonic ex- 
tracts was analyzed by SDS-polyacrylamide g l electrophoresis, 
Western immunoblotting and immunodiffusion, asreported in 
[8]. 
2.3. Southern hybridization 
The DNA fragment (pPO21) containing the intact pag gene 
and the DNA fragment containing the pac gene [8] were 
digested with PstI-SalI and PstI, respectively. Three probes 
covering the 5'-terminal region (2.0 kb PstI-PstI fragment; 
probe A, see fig.l), middle region (1.4 kb PstI-Sall fragment; 
probe B) and 3'-terminal region (2.1 kb SalI-HindIII fragment; 
probe C) of the pag gene were radiolabelled by nick-translation 
[16] using 32P-labelled eoxycytidine triphosphate (Amersham, 
Buckinghamshire, England). Hybridization on itrocellulose 
membranes was performed according to the procedure of 
Southern [17] with 50070 formamide at 42°C (allowing up to 
15 070 base mismatch [17]) or 20070 formamide at 42°C (allowing 
up to 35070 base mismatch [14]). 
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Fig.l. (A) Restriction endonuclease map of pPO21. The S. 
sobrinus DNA insert is indicated by the black bar. The broken 
bar indicates the plasmid vector. The map of pPC41 containing 
thepac gene was reported by Okahashi et ai. [8]. (B) Probes A, 
B and C were used for the Southern hybridization i fig.3. The 
PstI fragments of pPC41 used in the Southern hybridization i
fig.3 are indicated by open bars (below). The arrow indicates 
the region for which the nucleotide sequences of the two genes 
are presented in fig.4. B, BamHI; E, EcoRI; H, HindIII; P, 
PstI; S, SalI; Sa, SacI. 
Fig.2. Immunodiffusion of recombinant PAg and PAc against 
anti-PAg serum (A) and anti-PAc serum (B). Wells: 1, the cell 
extract of E. coil JM109 (pUC19); 2, the cell extract of E. coil 
JM109 (pPG21); 3, the cell extract of E. coli JM109 (pPC41); 
a, rabbit anti-PAg serum; b, anti-PAc serum. 
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2.4. Nucleotide sequence 
DNA fragments were subcloned into pUC118 or pUC119 
(Takara Shuzo, Kyoto, Japan). Single-stranded DNAs were 
prepared as described in the Takara manual (Takara Shuzo). 
Nucleotide sequences were determined by the dideoxy chain ter- 
• mination method as described by Mizusawa et al. [18] with a 
7-Deaza sequencing kit (Takara Shuzo). The nucleotide se- 
quence of the pac gene was reported by us [14]. 
3. RESULTS 
3.1. Cloning o f  the pag gene in E. coli 
Fragments of chromosomal DNA from S., 
sobrinus MT3791 partially digested with Sau3A 
(serotype g) were ligated into the BamHI site of 
pUC19. Western blot analysis of sonic extracts of 
E. coli clones positive for antigen expression 
showed that one clone, pPG21 (5.8 kb insert), ex- 
pressed a 210 kDa PAg. Immunodiffusion analysis 
revealed that a precipitin line formed between the 
sonic extract of E. coli (pPG21) and anti-PAg 
serum was fused with that produced between the 
PAg from S. sobrinus MT3791 and the antiserum 
(data not shown). F ig. lA shows the restriction 
map of pPG21. The map of pPG21 differed from 
that of pPC41 containing the pac gene (fig.lA). 
This 5.8 kb insert fragment (pPG21) appeared to 
contain a promoter that was functional in E. coli, 
since the clones containing the insert in both orien- 
tations with respect o the lac Z gene produced the 
PAg (not shown). Expression of the PAg in 
various deletion mutants indicated that the cloned 
gene was transcribed from the left side to the right 
side of the restriction map of pPG21 (fig.lA, 
arrow). 
3.2. Immunological homology between 
recombinant PAg and recombinant PAc  
In immunodiffusion testing, a precipitin line 
produced between recombinant PAg and anti-PAg 
serum formed a spur with that produced between 
recombinant PAc and anti-PAg serum (fig.2A). 
On the other hand, a precipitin line produced be- 
tween recombinant PAc and anti-PAc serum also 
formed a spur with that produced between recom- 
binant PAg and anti-PAc serum (fig.2B). These 
results indicate that PAg and PAc share a common 
antigenic determinant. 
Wa 
IMa 
Fig.3. Southern hybridization analyses at 42°Cin 50070 formamide (A) and at 42°C in 20070 formamide. The 32P-labelled PstI-PstI 
fragment (probe A), PstI-Sall fragment (probe B) and SalI-HindIII fragment (probe C) of pPG21 were used as probes. Lane 1, PstI- 
SalI digest of pPG21; lane 2, PstI digest of pPC41. 
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A 
pag 
pac 
I CTGAAAAACT CTTACTAC~ TGGTAAGAAA ATTTCTAAGG TGGTCTACAA GTATACGGTT GACCCTGACT CCAAGTTTCA AAATCCTACT GGT/~CGTTT 
: : :  : : :  : : : : :  : : : : :  : : : : : :  : :  : : : : : : : :  : : : : : : : : :  : : : : : :  : :  : : : : : :  : : : : : : : : : : : :  : : :  . . . . . .  
1833 CTGCAGAATT CTTATTACAA TGGTAAAAAG ATTTCTAAAA TTGTCTACAA GTATACAGTG GACCCTAAGT CCAAGTTTCA AGGTC . . . . . .  AAAAGGTTT 
Pstl 
101 GGTTAGGTAT CTTTACTGAC CCAACCCTAG GGGTCTTTGC CTCAGCCTAT ACGGGTCAAA ACGAGAAGGA TACCTCTATC TTTATCAAGA ATGAATTCAC 
1927 GGTTAGGTAT TTTTACCGAT CCAACTTTAG GTGTTTTTGC TTCTGCTTAT ACAGGTCAAG TTGAAAAAAA CACTTCTATT TTTATTAA.~A TGAATTCAC 
201 CTTCTACGAT GAAGACGGTA ATCCCATCGA CTTTGATAAT GCCCTCTTGT CAGTTGCCTC CCTTAACAGG GAACACAJ~TT CCATTGAGAT GGCCAAGGAC 
2027 TTTCTATCAC GAAGATGAAA AACCAATTAA TTTTGATAAT GCCCTTCTCT CAGTGACTTC TCTTAACCGT GAACATAACT CTATTGAGAT GGCTAAAGAT 
301 TACAGCGGTA CCTTCGTTA.A GATTTCTGGC TCATCCATTG GTGAA~ AGGCATGATC TATCGGACCG ACACCCTCAA CTTTAAA~G GGTGAAGGCG 
2127 TATAGTGGTA AATTTGTCAA AATCTCTGGT TCATCTATTG GTGAAAAGAA TGGCATGATT TATGCTACAG ATACTCTT~ CTTTA~ACAG GGTGAAGGTG 
401 GTTCCCTTCA CACCATGTAC ACCAGAGCAA GTGAGCCTGG TTCAGGTTGG GACTCTGCTG ATGCTCCTAA TTCTTGGTAT GGTGCTGGTG CTGTCAGAAT 
2227 GCTCTCGCTG GACTATGTAT AAA~J~TAGTC AAG---CTGG TTCAGGATGG GATAGTTCAG ATGCGCCGAA TTCTTGGTAT GGAGCAGGGG CTATTAAAAT 
501 GTCCGGCCCA AACAACTACA TCACTTTGGG GGCAACCTCA GCGACCAATG TTCTCAGCCT AGCTGA/~TG CCACAGGTAC CTGGTAAAC~ TAATACTGCT 
2324 GTCTGGTCCG ~T~J~CCATG T ACTGTAGG AGCAACTTCT GCAACAAATG TAATGCCAGT TTCTGACATG CCTGTTGTTC TGGT~J~GGA C~J~TAETGAT 
601 GGTAJ~AAC CAAATATCTG GTATTCCCTT AATGGTAAGA TTCGGGCAGT C~TGTCCCT AAGGTGACCA AGGA/L~AACC AACCCCACCA GTTGAGCCAA 
2424 GGCAJ~AAAAC CAAATATTTG GTATTCTTTA AATGGTAAAA TCCGTGCGGT TAATGTTCCT AAAGTTACTA AGGAA;u~CC CACACCTCCG GTTAAACCAA 
695 CC/L~GCCAGA CGAGCCAGTC TATGAAGTTG AGAAGGAATT GGTAGATCTG CCAGTTG/UkC CAAGCTACC~ AAAGC~AACCA ACACCACCAA GCMGACTCC 
2524 CAGCTCCAAC TAAACC/~CT TATGAAACAG ;~.~GCCATT AAAACCGGCA CCAGTAGCTC CA~ATTATC.~A /b~GGAGCCA ACACCGCCGA CAJ~GGACACC 
795 AGACCAAAAT ATCCCAGACA AACCAGTAGA GCCTACTTAT GAGGTTGAAA AGGAGCTGGA ACCAGGCACC AGTGAACCAA ACTACGA/U~ GGAACCAACC 
• - o - ,o -  
2624 GGATCAAGCA GAGCCAAACA AACCCACACC GCCGACCTAT GAAACAGA~J~ AGCCGTTGGA GCCAGCACCT GTTGAGCCAA GCTATGAAGC AGAGCC~CA 
895 CCGCCTCAGT CAACCCCAGA CCAAGAAGAG CCCACCA~C CGGTGGAACC AAGCTACCAA AGCTTGCCAA CCCCACCAGT GGCACCGACT TATGAAAAGG 
995 TTCCTGGTCC 
2824 ATGAAGCAGA 
1095 TATTGACAAG 
2924 TCCTGTTTAT 
TGTCAGTGTG CCAACGGTTC GGTACCACTA CTATAAACTA GCAGTCCAAC CCGGCGTCAC C~GGAAATC AAAAACCAGG ATGACCTGGA 
GCCAACGCCA CGACACCAA CACCAGATCA ACCAGAACCA AACAAACCTG TTGAGCCAAC TTATGAGGTT ATTCCAACAC GCCGACTGA 
Sall 
ACCCTGGTGG CTAAGC~FC GAC 
CAAGATCTTC CAACACCTCC ATC 
B 
pAg 
PAc 
] LKNSYYNGKK ISKVVYKYTV OPOSKFQNPT GNVWLGIFTD PTLGVFASAY TGQNEKDTSI FIKNEFTFYD EDGNPIDFDN ALLSVASLNR EHNSIE~IAKD 
612 LQNSYYNGKK ISKIVYKYTV DPKSKFQ--G QKVWLGIFTD PTLGVFASAY TGQVEKNTSI FIKNEFTFYH EDEKPINFDN ALLSVTSLNR EHNSIEMAKD 
101 YSGTFVKISG SSIGEKKGMI YRTDTLNFKK GEGGSLHTMY TRASEPGSGW DSADAPNSWY GAGAVRMSGP NNYITLGATS ATNVLSLAEM PQVPGKDNTA 
710 YSGKFVKISG SSIGEKNGMI YATDTLNFKQ GEGGSRWTMY KN-SQAGSGW DSSDAPNSWY GAGAIKMSGP NNHVTVGATS ATNVMPVSDM PVVPGKDNTD 
201 GKKPNIWYSL NGKIRAVNVP KVTKEKPTPP VEPTKPDEPV YEVEKELVDL RVEPSYEKER TPPSKTRDQN IPDKPVEPTY EVEKELEPGT SEPNYEKEPT 
809 GKKRNiWYgC NGKiRAVAVP EGTKEKPTPb VKPTAPTKPT YETEKPCKPA PVAPNYEIEP TPPTRTPDQA EPNKPTPPTY ETEKPLEPAP VEPSYEAEPT 
299 PPQSTPDQEE PTKPVEPSYQ SLPTPPVAPT YEKVPGPVSV PTVRYHYYKL AVQPGVTKEI KNQDDLDIDK TLVAKQ 
909 PPTRTPDQAE PNKPTPPTYE TEKPLEP/~PV EPSYEAEPTP PTPTPDQPEP NKPYEPTYEV IPTPPTDPVY QDLPTP 
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Fig.4. (A) Nucleotide s quence ofthe middle region of the pag in comparison with that of the pac gene. Nucleotides that are identical 
with those of the pac gene are indicated by a colon. The numbers on the left of the pac sequence orrespond to the base number starting 
from the initiation codon of the open reading frame of the pac [14]. The location of these two sequences is presented in fig.lB. (B) 
Amino acid sequence ofthe middle region of PAg protein deduced from the nucleotide s quence presented in A. Amino acids that 
are identical with those ofPAc protein are indicated by a colon. The number on the left of the PAc amino acid sequence orresponds 
to the amino acid number starting at the first methionine of the PAc protein [14]. Gaps in the sequences are indicated by a dash. 
3.3. Distribution of  sequences homologous to the 
pag gene and the pac gene 
Three probes, 2.0 kb PstI-PstI fragment 
(5'-terminal region), 1.4 kb PstI-SalI fragment 
(middle region) and 2.1 kb SalI-HindIII fragment 
(3'-terminal region) were prepared from the pag 
gene (fig.lB). Under the high stringent condition 
(50070 formamide at 42°C), all the pag probes 
hybridized only to the fragments of the parent gene 
(fig.3A). On the other hand, under the low 
stringent condition (20070 formamide at 42°C) the 
middle probe (probe B) within the pag gene 
hybridized to the 1.5 kb PstI-PstI fragment cover- 
ing the middle region of the pac gene (fig.3B). 
These results indicate that there is a significant 
homology between the middle regions of the pag 
gene and the pac gene. 
The nucleotide sequence of the middle region of 
the pag gene was determined and compared with 
that of the pac gene. Fig.4A shows the sequences 
of the two genes from the PstI site of pac gene to 
the SacI site of the pag gene (see fig.lB). The 
matching nucleotides in these sequences were 62°7o. 
The deduced amino acid sequence showed 66070 
homology between the two proteins (fig.4B). 
Within this homologous region, proline-rich 
tandem repeats were detected in the PAc protein. 
Although the PAg protein contained a similar 
proline-rich region, the sequence was not so 
regular as the PAc protein. 
4. DISCUSSION 
In the present study, the pag gene coding for a 
210 kDa protein antigen (PAg) of S. sobrinus 
MT3791 (serotype g) has been cloned. The product 
of the pag gene immunologically cross-reacted 
with that of the pac gene cloned from S. mutans 
MT8148 (serotype c). Furthermore, Southern 
hybridization analysis under low stringency re- 
vealed that a low but significant homology existed 
between the middle regions of S. sobrinuspag ene 
and S. mutans pac gene (fig.3). Nucleotide se- 
quence analysis revealed the existence of clusters of 
homologous sequence in the middle regions of the 
two genes. 
These findings are of particular interest because 
of the involvement of these organisms in dental 
caries [1,2], and the evolutionary differences of the 
two species, i.e., S. sobrinus has a G + C content = 
44-46°7o and S. mutans has a G + C content = 
36-37070 [1,2]. Although the biological signifi- 
cance of the homologous regions of the two anti- 
gens is not understood, the knowledge of the 
primary structures of these regions might be useful 
in designation and synthesis of peptides that act as 
anti-caries vaccines against both S. sobrinus and S. 
mutans. 
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